Lexical-semantic function was investigated in 10 participants with lesions of the dominant nonthalamic subconical (NS) region and a matched normal control group. Participants performed speeded lexical decisions on the 3rd member of auditorily presented word triplets. The 4 critical triplet conditions were concordant (coin-bank-money), discordant (riverbank-money), neutral (day-bank-money), and unrelated (river-day-money). When the interstimulus interval (1ST) between the words in the triplets was 100 ms, patients with NS lesions obtained priming that indicated nonselective lexical access; at 1,250-ms ISI, however, there was no significant priming effect. This pattern of results is consistent with the view that patients with NS lesions can automatically access lexical-semantic information but may be unable to sustain lexical activation through controlled or attentional forms of processing.
gation of lexical-semantic function following striatocapsular lesions. Indeed, knowledge concerning lexical-semantic processing in this population has been generally gleaned from aphasia batteries providing data that may be of limited use in developing models of brain-language function (Caramazza & Badecker, 1989) and actually give little indication of the underlying nature of lexical-semantic disturbances with reference to current psycholinguistic theories (Lesser, 1989) . Impairment on off-line tasks, such as confrontation naming or word-list generation, represents the end point of several processes, both linguistic and nonlinguistic, any of which could be contributing to this breakdown. In essence, it is not known whether poor performance on such measures reflects a disturbance in the integrity of the semantic store, a disruption in lexical access, or an inability to manipulate lexical information in an attentionbased manner once it has been accessed. These various scenarios may be addressed through use of a semantic priming task that allows the real-time examination of lexical-semantic processing.
The semantic priming paradigm provides a useful means of examining semantic memory, its access, and the notion of a spread of activation within the lexical-semantic network of nodes representing interconnected lexical items and semantic concepts (Collins & Loftus, 1975) . The semantic priming effect occurs when a participant is faster in processing a target word (as indicated by pronouncing or making a lexical decision) when it follows a related word (the prime) than when the target follows an unrelated word. Although several studies of semantic priming in aphasia 380 COPLAND, CHENERY, AND MURDOCH have used nonambiguous words as primes, Milberg, Blumstein, and Dworetzky (1987) suggested that lexical ambiguities may provide a more useful means of exploring the integrity of lexical representations and the processes involved in accessing them.
Lexical-ambiguity priming allows an examination of how context influences meaning activation. Whether all meanings of a lexical ambiguity are initially accessed independent of contextual constraints or whether lexical access is selective through contextual penetration remains a point of considerable debate. Various researchers suggest that the degree to which various meanings are active depends on the strength and form of the context, the meaning dominance of the ambiguity, and the amount of time the lexical ambiguity has been processed for (see Simpson, 1984 Simpson, , 1994 . According to the exhaustive access theory (Simpson, 1984) , multiple meaning activation may only be witnessed for a short time immediately after the presentation of the lexical ambiguity, making the use of a short interval between prime and target (termed interstimulus interval or fSI) vital. Soon after multiple access, the contextually appropriate meaning is selected and the inappropriate meaning is no longer available, so that only facilitation of the contextually appropriate meaning should be observed when the ISI is increased.
The application of the two-stage theory of lexical processing proposed by Neely (1977) and Posner and Snyder (1975) to the multiple-access model of ambiguity processing provides some clues concerning the processing mechanisms involved. According to the automatic-controlled framework, the first stage of exhaustive access of meanings reflects an automatic and rapid spread of activation to all related meanings, and the subsequent stage of meaning selection and inhibition occurs through some slower form of attentional or controlled processing whereby limited-capacity attention is allocated solely to the contextually appropriate meaning (Simpson, 1984) . Although there are various discrepancies with the automatic-controlled conception of lexical-ambiguity processing see Seidenberg, Tanenhaus, Leiman, & Bienkowski, 1982; Simpson, 1984) , this automatic versus controlled distinction has provided a useful framework for explaining the way aphasic patients process lexical-semantic information (e.g., Bushell, 1996; Chenery, Ingram, & Murdoch, 1990) .
More recently, the concepts of automatic and controlled processing have been expanded on with respect to lexical processing in aphasia. On the basis of several case studies that used a list-priming paradigm and indirect evidence from lexical-ambiguity processing during sentence comprehension (Swinney, Zurif, & Nicol, 1989 ), Prather and colleagues (Prather, Zurif, Love, & Brownell, 1997; Prather, Zurif, Stern, & Rosen, 1992) argued that Broca's aphasic patients show a protracted rise time in automatic lexical activation, whereas fluent aphasic patients show a delay in dampening lexical activation. Although there is evidence of intact rapid lexical activation in Broca's aphasic individuals (e.g., Hagoort, 1993; Ostrin & Tyler, 1993) , Prather et al. (1997) argued that these studies cannot differentiate between automatic and strategic influences on lexical activation. Blumstein and Milberg (Blumstein, 1997; Milberg, Blumstein, Katz, Gershberg, & Brown, 1995) also suggested impaired automatic lexical activation in Broca's aphasic patients but argued for a specific change in the level of lexical activation that consequently alters the time course of activation. From this perspective, Wernicke's aphasic patients are unable to invoke heuristic strategies, whereas in Broca's aphasic patients, there is a reduction in the level of activation of lexical nodes, which disrupts the automatic spread of activation between lexical items within the semantic network. As a consequence, Broca' s aphasic patients evidence a less consistent or a smaller magnitude of semantic facilitation and an altered time course of lexical activation (Milberg & Blumstein, 1981; Milberg et al., 1987; Prather et al., 1992; Swinney et al., 1989 ). Broca's aphasic patients may still evidence semantic priming under circumstances in which heuristic strategies and attentional resources can be used, such as the presentation of word pairs that allow the target to be predicted (Blumstein, Milberg, & Shrier, 1982; Chenery et al., 1990; Katz, 1988) . By this account, the presentation of word triplets makes it harder to predict the target, especially at short ISIs, and should therefore prove difficult for Broca's aphasic patients, given their suggested overreliance on heuristic strategies and reduced lexical activation. Indeed, Milberg et al. (1987) reported a lack of priming in Broca's aphasic patients using the ambiguous word triplet paradigm. However, Hagoort's (1993) finding that Broca's aphasic patients did evidence semantic priming for noun-noun lexical ambiguities when presented in triplets with an ISI of 100 ms but failed to show priming for triplets presented at an ISI of 1,250 ms is not easily reconciled with Milberg and Blumstein's account; an elaboration on these issues is beyond the scope of the present article.
The use of lexical ambiguities rather than nonambiguous words to investigate lexical-semantic processing in patients with NS lesions is warranted on several fronts. First, lexicalambiguity priming is seen to be more demanding of the lexical-semantic system because the semantic associates of lexical ambiguities (e.g., bank-river) are generally less highly associated than nonambiguous items (e.g., cat-dog), meaning that lexical-ambiguity priming effects are less likely to reflect the accessing of highly associated words, possibly without full reference to underlying semantic relationships (Milberg et al., 1987) .' Additionally, the processing of lexical items with multiple semantic representations in context is likely to place a greater demand on operational resources (Miyake, Just, & Carpenter, 1994) . The use of lexical-ambiguity priming is further warranted, given the recent finding that patients with dominant NS lesions performed poorly on an off-line test requiring the interpretation of lexical ambiguities in sentences (Copland, Chenery, & Murdoch, 2000) , suggesting that either the integrity of the underlying representation for lexical ambiguities was compromised, that patients were unable to access or manipulate multiple meanings of lexical ambiguities, or that there was a failure to integrate contextual information.
The present study investigated the processing of lexical ambiguities preceded by a single-word context. In normals, the influence of a single-word context on lexical-ambiguity processing has been equivocal, with reports of selectivemeaning activation (e.g., Balota & Duchek, 1991; Schvaneveldt, Meyer, & Becker, 1976) and multiple-meaning activation under certain conditions (e.g., Hagoort, 1993; Marcel, 1980) . Using a similar triplet paradigm in aphasic participants, Milberg et al. (1987) found selective-meaning facilitation in both normals and Wernicke's aphasic patients, whereas Broca's aphasic participants failed to demonstrate any priming, suggesting an impairment in automatically accessing lexical-semantic information. Hagoort (1993) used a short and long ISI to investigate the contribution of automatic and controlled aspects of lexical processing respectively and reported that both Broca's and Wernicke's aphasic participants were able to automatically access the semantic lexicon but had difficulties in controlled lexical-semantic processing. The current study similarly manipulated the ISI to assess automatic and controlled forms of lexical-semantic processing in NS patients.
The aims of the present study were to investigate the processing of ambiguous word triplets in patients with NS lesions, with respect to (a) the integrity of the lexicalsemantic network, (b) the nature of lexical access, and (c) the relative contribution of automatic versus controlled processing of lexical-semantic information. We constructed four conditions to explore lexical-semantic processing in NS patients with reference to the stated aims. In the concordant condition, the first word was related to the same meaning of the ambiguous prime as the target word (e.g., coin-bank-money). In the discordant condition, the first word was related to a meaning of the ambiguous prime other than that indicated by the target (e.g., river-bankmoney). In the neutral condition, the first word was unrelated to either meanings (e.g., day-bank-money), and in the unrelated condition, all words were unrelated (e.g., river-day-money).
If the NS patients show facilitation in the concordant, neutral, and discordant conditions relative to the unrelated baseline, then it can be assumed that the underlying semantic structure for lexical ambiguities remains intact, and the accessing of this information is nonselective because the context (the first prime) is not directing lexical access in any way. If the concordant and neutral conditions are primed and the discordant condition is facilitated less than the neutral condition and does not differ significantly from the unrelated baseline, then we can infer that semantic information for lexical ambiguities was preserved and was accessed selectively because the context of the first word is constraining lexical access. If the NS participants fail to show facilitation of any of the concordant, discordant, and neutral conditions relative to the unrelated condition, then it may be suggested that the semantic representation of lexical ambiguities is compromised in some way (Milberg et al., 1987) .
In the present study, the ISI between primes and targets was manipulated across two experiments in an effort to investigate automatic and controlled processing of lexicalsemantic information and to track the time course of lexicalambiguity resolution. In Experiment 1, a short ISI of 100 ms was used to tap into mainly automatic lexical-semantic processing (Hagoort, 1993) . If the NS participants obtain priming in the concordant, discordant, and neutral conditions at a 100-ms ISI, an intact and rapid automatic spread of activation to multiple meanings of the ambiguous prime is suggested (Simpson, 1984) . In Experiment 2, a longer ISI of 1,250 ms is expected to show priming that reflects primarily attention-based controlled processes, which may include the suppression of contextually inappropriate meanings (Simpson, 1984) . If controlled processing is unaffected in patients with NS lesions, then at the 1,250-ms ISI, we should find facilitation in the concordant and neutral conditions but not in the discordant condition. In this way, we can examine automatic and controlled aspects of lexicalsemantic processing and the time course of lexical ambiguity with respect to the speed and strength of lexical activation and contextual influence in NS individuals compared with normal controls.
Experiment 1

Method
We conducted Experiment 1 to examine mainly automatic lexical-semantic processes and the integrity of lexical representations in patients with NS lesions. The experiment is similar in design to Hagoort's (1993) Experiment 2, except that a "GO-NO GO" response procedure was used to simplify the lexical-decision task and gain a more pure measure of automatic processing by reducing strategic influence of semantic matching at this short ISI (Neely, 1991; Ober, Vinogradov, & Shenaut, 1997) . Second, only nounnoun lexical ambiguities were used to reduce any potentially confounding effects of using both noun-noun and noun-verb lexical ambiguities, considering evidence that these classes of ambiguities may be processed in fundamentally different ways (Hagoort, 1993; Seidenberg et al., 1982) .
Participants. Ten participants (6 women, 4 men) were selected from the speech pathology department files of four metropolitan hospitals. Neuroradiological and demographic information on the participants is presented in Table 1 . Participants were included on the basis of the following criteria. All participants had computerized tomography (CT) or magnetic resonance imaging (MRI) confirmed lesions confined to subcortical regions, excluding the thalamus, following a single left cerebrovascular accident. All lesion sites were confirmed by a radiologist. There was no previous history of head trauma, dementia, brain tumor, cerebral abscess, or alcoholism in any participants. All participants were right-handed, were monolingual in English, and had no reported visual or hearing abnormality. Testing took place at least 6 months postonset in all participants to reduce the confounding effect of examining patients at different stages postonset and to minimize possible differences between patients with ischemic and hemorrhagic etiologies due to mass effects (Mega & Alexander, 1994) , although the possibility of different lesion patterns remained. A summary of the performance of the NS participants on the Western Aphasia Battery (Kertesz, 1982) and the Boston Naming Test (Kaplan, Goodglass, & Weintraub, 1983 ) is provided in Appendix A. The mean age of the NS group was 56 years (range = 40-77 years, SD = 12.37). Mean educational level was 11.2 years (range = 7-15 years, SD = 2.78).
The control group comprised 10 nonneurologically impaired Note. F = female; M = male; H = hemorrhage; I = infarct; CN = caudate nucleus; 1C = internal capsule; BG = basal ganglia; CR = corona radiata; HCN = head of caudate nucleus; LN = lentiform nucleus; PVWM = periventricular white matter; CS = centrum semiovale; EC = external capsule; P = putamen; DWM = deep white matter.
individuals matched for age, sex, and educational level. Control participants were excluded if (a) they had a history of neurological disease or head trauma, (b) they had a history of alcohol abuse, (c) they had defective vision or hearing that would affect the validity of language assessments, and (d) English was not their first language. The mean age for the control group was 54 years (range = 41-72 years, SD = 11.65). Mean educational level was 11.5 years (range = 8-15 years, SD = 2.76). There was no significant difference between the NS group and the control group in years of age, f(18) = 0.37,p> .05, or in years of education, r(18) = -0.24, p > .05.
Materials. The present study used auditorily presented word triplets in which the first item was a real word acting as the context, the second word represented the ambiguous prime, and the third item was the target that was either a real word or a nonword. To select regionally appropriate associates for lexical ambiguities, 40 nonneurologically impaired individuals (age range 50-76 years) provided associates to different meanings of common noun-noun lexical ambiguities. From this pretest, we selected 12 lexical ambiguities with two unrelated, distinct, and common meanings for which there were relatively strong associates.
We constructed four word triplets for each ambiguity. The mean duration of the first word (context prime) was 593 ms, and the second word (homophone) had a mean duration of 552 ms. In the concordant condition, the first prime and the target were related to the same meaning of the ambiguous prime (e.g., coin-bankmoney). In the discordant condition, the first prime and the target were related to different meanings of the ambiguous prime (e.g., river-bank-money). The neutral condition consisted of a first word that was unrelated to the meaning of the ambiguous prime indicated by the target (e.g., day-bank-money). In the unrelated condition, which acts as a baseline, the target remains the same as in the other conditions, but the two primes are unrelated to each other or the target (e.g., river-day-money). Each critical target was presented four times in a session (once for each condition), and we counterbalanced the order of presentation for each triplet with the same target to avoid repetition effects, in accordance with Hagoort (1993) . In addition, there were at least five intervening trials between any two triplets with the same target. We created 24 nonword triplets, in which a nonword target was preceded by two related words in 12 triplets and two unrelated words in the remaining 12 triplets. All nonword triplets were presented twice in a session. Overall, 96 triplets (48 critical and 48 nonword) were presented in 12 blocks of 8 trials. An initial block of 10 practice trials was completed prior to testing.
All stimuli were spoken by a female speaker with neutral intonation in a sound-proof booth and were digitized with a sampling rate of 22 kHz directly into an IBM-compatible computer. We then constructed triplets in which identical words were represented by the same physical token. An ISI of 100 ms was placed between the words in each triplet, and there was a 4-s interval between each triplet presentation.
Apparatus. The experiment was conducted using an IBMcompatible lap-top computer with pentium processor, sound card, millisecond timer, and free-field speakers. The computer presented the triplets in free field and recorded the time elapsed from the offset of the target to the response made by the mouse button press in milliseconds. The time out was set to 5,000 ms, after which a "no" response was recorded and the next trial began. All reaction times or "no" responses were saved directly onto computer.
Procedure. Participants were tested individually in a single session including 10 practice trials. We told participants that they would hear groups of three words ending either in a real word or a nonsense word and that it was their task to press the mouse button as quickly as possible if the third word was a real word and to do nothing if the third word was a nonsense word. Participants were seated directly in front of a lap-top computer, with their left index finger placed directly on the left internal mouse key, and they made speeded lexical decisions on the third word in every triplet using the "GO-NO GO" procedure. No feedback was provided following the practice block.
Results
Statistical analyses were carried out on the latencies for correct "yes" responses. The NS group participants made "no" responses to real words on 18 occasions (4% of critical targets). Control participants made 11 real-word errors (2% of critical targets). Error rates did not differ as a function of condition in the NS group, F(2, 8) = 2.25, p = .168, or for the control group, f(2, 8) = 1.00, p = .410.
We examined the latencies of correct responses for outliers to ensure that the response times best reflected on-line processes. A Tukey's biweight mean estimator (A/-estimator) was first calculated for each participant in each condition. Outliers (latencies differing from each participant's mean condition scores by more than 2 SDs) were then replaced with the M-estimator for that condition for a given participant. Eleven values (2% of correct responses) were replaced in this manner for the NS participants, whereas eight values (2% of correct responses) were identified as outliers and replaced in the control participants. Following the replacement of outliers, we calculated the mean reaction times for each condition for each participant. The latency data for the normal control group and the NS group is presented in Table 2 as a function of prime condition. An initial 2 (group) X 4 (prime condition) repeated measures analysis of variance (ANOVA) was conducted, revealing a significant main effect for prime condition, F(3, 54) = 34.33, p < .001, but no significant Group X Prime Condition interaction, F(3, 54) = 2.29, p = .088. Given the different pattern of priming shown by individuals in the NS and normal control groups (see Appendix B), we then analyzed the latencies for the NS and normal control participants independently using a repeated measures ANOVA.
The normal control group obtained a significant main effect for priming condition, F(3, 7) = 14.26, p = .002. Planned pairwise comparisons (p < .05) revealed significant facilitation of the concordant, discordant, and neutral conditions, relative to the unrelated baseline. The concordant condition resulted in significantly faster reaction times (p < .05) than both the discordant and neutral conditions. The neutral condition also resulted in significantly faster reaction times than the discordant condition.
The NS group also obtained a main effect for priming condition, F(3, 7) = 18.42, p = .001. Pairwise comparisons (p < .05) revealed that the concordant, discordant, and neutral conditions were facilitated relative to the unrelated baseline. The concordant condition resulted in significantly faster reaction times than any other condition (p < .05). The neutral and discordant conditions did not differ significantly. This overall pattern of nonselective priming appeared consistent within the NS group, with only Participants 2 and 6 failing to demonstrate faster latencies for the concordant, discordant, and neutral conditions than for the unrelated condition (see Appendix B).
Discussion
The normal control participants demonstrated facilitation in the concordant, discordant, and neutral conditions, indicating nonselective access for noun-noun ambiguities at ISI 100 ms, a finding also reported by Hagoort (1993) . Of interest, the current findings are not consistent with the nonselective access position in its strongest form, however, as the first word in the triplets did appear to exert some influence on the processing of the following lexical ambiguity. The discordant condition was significantly slower than the neutral condition, suggesting that although access appeared nonselective in one sense, the processing of the ambiguous prime was sensitive to the effects of the preceding context word. As a result, the activation for the meaning other than that indicated by the context in the discordant condition was reduced, compared with the neutral condition in which the first word was unrelated to either meaning. In summary, the present findings suggest that in normal control participants, lexical access was exhaustive but context sensitive. This result is consistent with the weaker version of the multiple-access model or hybrid models of lexicalambiguity processing that assume that all meanings are initially activated but that the level of activation for particular meanings may differ as a function of meaning dominance or contextual constraints (Simpson, 1994) . The reduction in the activation of the contextually inappropriate meaning after 100 ms may also reflect the initiation of the second stage of meaning inhibition and selection, which may occur rapidly (e.g., Seidenberg et al., 1982) . There is a need to further explore whether the discrepancy between the present finding of context-sensitive multiple access and the nonselective access found by Hagoort (1993) in a similar experiment on normal controls relates to differences in the stimuli in terms of meaning dominance and strength of association.
The NS patients demonstrated priming in the concordant, discordant, and neutral conditions, indicating nonselective lexical access as in the normal control group. Unlike the normal participants, however, there was no significant difference between the discordant and neutral conditions, suggesting that lexical access was insensitive to contextual influence. The fact that meaning activation appeared to be context-independent in the NS participants and contextsensitive in the normal control participants may reflect a subtle difference in the initial activation of the lexical network. It is also possible that the failure of the NS participants to show dampened activation of contextually inappropriate meanings reflects a breakdown or slowing in the initiation of inhibitory mechanisms involved in lexicalambiguity resolution, such that lexical access was encapsulated for a protracted period. The significance of this difference in priming patterns between the two groups should not be overstated, however, when one considers that Hagoort (1993) found a similar pattern of nonselective meaning activation in normal control participants for noun-noun lexical ambiguities as we have reported for the NS group.
The results of Experiment 1 suggest that in the present group of NS participants, lexical representations do not appear to be compromised and may be accessed through rapid automatic lexical-semantic processing, although the levels to which different meanings are activated did differ in the NS participants compared with normals. However, it is not known whether this automatically accessed information may be processed successfully when attentional demands are increased and controlled forms of lexical-semantic processing are called on. Furthermore, it is not known whether the nonselective context-independent meaning activation demonstrated by the NS participants will eventually be followed by an ultimate stage of meaning selection and suppression on the basis of integrated contextual constraints. Alternatively, the informationally encapsulated lexical access obtained at 100 ms for the NS participants may be an early indication of a failure in lexical integration and meaning-selection processes that will be more easily witnessed when given more processing time. We conducted Experiment 2 to investigate these issues.
Experiment 2
Method
Participants. All participants from the NS group and the normal control group who participated in Experiment 1 also participated in Experiment 2. The time between testing participants in Experiments 1 and 2 was approximately 2 weeks.
Materials. The words and nonwords that we used in Experiment 2 were the same as in those in Experiment 1, except that for presentation, an ISI of 1,250 ms was placed between each of the words in every triplet, and new blocks were then constructed in accordance with Experiment 1.
Procedure. The procedure was identical to Experiment 1.
Results
The NS participants made 12 real-word errors (3%), and control participants made 7 real-word errors (1 %). Error rate did not differ as a function of condition for the NS group, F(2, 8) = 0.00, p = 1, or the normal control group, F(2, 8) = 1.00, p = .410. Sixteen outliers (> 2 SD from the mean reaction time for each condition per participant) were replaced with the M-estimator for the NS participants (3% of correct responses), and 10 outliers (2% of the data) were replaced for the control participants. A 2 (group) X 4 (prime condition) repeated measures ANOVA revealed a significant main effect for prime condition, F(3, 54) = 3.45, p -.023, but no significant Group X Prime Condition interaction, F(3, 54) = 1.45, p = .243. Because the NS and normal control individuals showed different patterns of priming (see Appendix B), we submitted the mean reaction time for each group per condition to independent repeated measures ANOVA. Table 3 summarizes the mean reaction times for the NS group and the normal control group as a function of condition. Note. Differences (d) are measured relative to the unrelated baseline. Any two priming conditions that showed significant differences (p < .05) from each other are bracketed and marked with an asterisk. NS = nonthalamic subcortical.
There was a main effect for priming condition, F(3, 7) = 7.19,p = .015, for the control group. Planned pairwise comparisons (p < .05) indicated that the concordant and neutral conditions showed significant facilitation compared with the unrelated condition, whereas the discordant condition did not differ significantly from the unrelated condition. The concordant condition resulted in significantly faster reaction times than any other condition.
The repeated measures ANOVA performed on the NS group mean latencies found no significant main effect for priming condition, F(3, 7) = 1.07, p = .422, with planned pairwise comparisons showing no facilitation of any condition relative to the unrelated baseline (p < .05). Although an overall mean of the rank order for reaction times per condition (see Appendix B) showed the same pattern of priming for NS participants in Experiment 2 as in Experiment 1, an inspection of the individual data reveals considerable variability within the NS group in the latencies for each condition. In particular, Participants 2, 4, 6, 9, and 10 showed faster reaction times for the unrelated condition than the concordant or neutral condition, a pattern that is not predicted under selective or nonselective forms of lexical access.
We analyzed the effects of target repetition for control and NS individuals by combining the data from Experiments 1 and 2 and expressing each reaction time as a function of order of target presentation (see Table 4 ). There was no significant Group X Order interaction, F(3, 16) = 1.44, p -.268. For the normal control participants, there was a main effect for order of presentation, F(3, 1) = 10.83, p < .01, and post hoc analysis revealed that the mean reaction time for the first presentation was significantly slower than for the second, third, and fourth presentation. There was also a main effect of order of presentation for NS individuals, F(3, 7) = 8.36, p < .05. Pairwise comparisons indicated that the mean reaction time for first presentation was significantly slower (p < .05) than for the third and fourth presentation.
Discussion
For the normal control participants, the selective priming of the concordant and neutral conditions is in accordance with the results of Schvaneveldt et al. (1976) , Marcel (1980) , Hagoort (1989) , and Milberg et al. (1987) and reflects normal selective lexical access through context sensitivity. The NS participants failed to demonstrate a reliable priming effect for any condition. The lack of facilitation at the 1,250-ms ISI may be due, in part, to a more rapid decay of automatic spreading activation through the lexical network (Hagoort, 1993) . However, evidence suggests that the contribution of automatic forms of processing to the priming effect at this long ISI would be minimal (see Neely, 1991) .
It is often assumed that priming at longer ISIs is due primarily to the controlled processing of lexical-semantic information (Neely, 1991) , and the lack of any priming at this long ISI therefore suggests a more probable disruption in controlled or strategic lexical-semantic processing. This disruption may arise from an inability of the patients to generate and maintain a set of expected targets based on the primes (Neely & Keefe, 1989) . Although expectancy was not explicitly manipulated in the current study by way of changes to the relatedness proportion or instructions, it is assumed that expectancy would still play some role in the controlled processing of ambiguities when more time is allowed for such strategies to develop prior to presentation of the target.
The breakdown in controlled processing may have also occurred postlexically, with the participants having difficulties in checking the semantic coherence of the input string (Hagoort, 1993; Neely & Keefe, 1989) . It should be noted that the contribution of semantic checking to priming effects may have been minimized by use of the "GO-NO GO" response procedure (Ober et al., 1997) , and the effect of the triplet presentation format on semantic matching is difficult to ascertain. It remains that the failure to prime at 1,250 ms may relate to an inability to integrate automatically accessed lexical information into a higher order semantic representation (Hagoort, 1993) .
The possible failure of the NS participants to integrate information postlexically at the long ISI may also relate to the increased sequencing demands of the triplet priming paradigm. For instance, although Broca's aphasic individuals showed no priming for triplets containing lexical ambiguities at a 500-ms ISI (Milberg et al., 1987) , they showed normal priming for the same stimuli when it was presented in word pairs (Katz, 1988) . This differential performance suggests that Broca's aphasic individuals may possibly have failed to be influenced by the relation between contiguous items, a disruption that would be more prevalent as the number of elements to be related is increased (as in the triplet paradigm compared with word pairs). The lack of priming exhibited at the 1,250-ms ISI by the NS participants in the present study may relate to similar problems in processing an increased number of lexical contiguities under controlled-processing conditions. There is also the distinct possibility that the process of lexical integration was delayed in the NS participants to such an extent that it could not be witnessed within 1,250 ms.
Finally, an analysis of repetition priming effects demonstrated that normals and NS individuals obtained longer latencies on the first presentation of a target than on subsequent presentations, as reported previously in normals, Broca's aphasic patients, and Wernicke's aphasic patients (Hagoort, 1989 (Hagoort, , 1993 . Normal control participants and NS participants showed the same effects for presentation order, except that the difference between the first and second presentations did not reach significance for the NS individuals. It remains, however, that the overall similarity in repetition effects and the lack of a significant Group X Presentation Order interaction suggests that the different priming patterns found for NS and normal control participants are not due to a group-based difference in repetition effects. In fact, Milberg and Blumstein (1989) questioned whether target repetition could significantly influence semantic priming effects in the present paradigm. Furthermore, any possible effect of repetition on semantic priming patterns would have been minimized in the current study because the order of target presentation was counterbalanced across priming conditions, as in Hagoort (1993) .
General Discussion
The present study used the priming of lexical ambiguities in a single-word context as a means of investigating the nature of lexical-semantic function in patients with NS lesions. The findings are most easily interpreted as indicating (a) that normal control participants show context-sensitive nonselective lexical access followed by selective lexical activation, (b) that individuals with NS lesions initially show automatic nonselective lexical activation, and (c) that NS individuals fail to achieve selective and sustained lexical activation through controlled lexical-semantic processing.
The performance of the normal control participants is interpreted with reference to hybrid models of lexical-ambiguity processing as well as the distinction between automatic and controlled lexical-semantic processing. Priming with a short ISI, as seen in Experiment 1, is assumed to tap mainly automatic lexical processing (Hagoort, 1993; Neely, 1991; Posner & Snyder, 1975) . Accordingly, the priming of contextually appropriate and inappropriate meanings at the ISI of 100 ms infers the automatic spread of activation within the lexical-semantic network, regardless of the preceding context. Contextually inappropriate meanings appeared to be at a processing disadvantage, however, suggesting that lexical access was exhaustive but context sensitive or that the subsequent stage of meaning selection and suppression had been initiated rapidly, as has been reported previously (e.g., Seidenberg et al., 1982) . When more processing time was allowed, normal participants showed selective activation of the contextually appropriate meaning, signaling the end point of lexical-ambiguity resolution. The different pattern of priming shown at the 100-ms ISI and the 1,250-ms ISI lends credence to the conception of lexical-ambiguity resolution in terms of automatic and controlled processing (Simpson, 1984) . However, the possibility that the second stage of meaning selection and suppression was initiated at the 100-ms ISI, as suggested by the processing disadvantage for the discordant condition, indicates that the usual sense of controlled processing, which is seen to develop primarily at longer ISIs (Neely, 1991) , may not be applied to lexical-ambiguity processing in a straight-forward manner, especially in terms of temporal parameters.
2 Indeed, the concept of veiled controlled processes, which are more rapidly instated through inaccessibility to introspection or manipulation (Shiffrin & Schneider, 1977) , may be of relevance in accounting for such findings (Tanenhaus, Leiman, & Seidenberg, 1979) . The selective lexical access evidenced at the 1,250-ms ISI may, however, reflect slower attention-based forms of controlled processing. The performance of the NS participants in the present study is most easily viewed overall in terms of spared automatic processing and disrupted controlled processing. The finding of nonselective lexical activation at the ISI of 100 ms suggests that NS participants can access lexicalsemantic information through mainly automatic processes.
On the assumption that the priming obtained at the short ISI for the NS participants primarily reflects the automatic spread of activation between related nodes in the semantic lexicon (Hagoort, 1993) , the structure of both the store for semantic representations and the lexical-semantic network itself does not appear compromised.
A recent theory of lexical activation in aphasia proposed
by Milberg et al. (1995) and Blumstein (1997) holds that in Broca's aphasia, there is a reduction in the level of activation for lexical nodes that affects the automatic spread of activation between lexical items within the semantic network. Consequently, there is a less consistent and a smaller magnitude of semantic facilitation, and the time course of lexical activation is altered unless the task allows heuristic strategies or controlled processes to be invoked. Given Milberg et al.'s (1995) assumption that the presentation of words in triplets with a short ISI limits the use of such strategic processing, the present finding of significant semantic facilitation at this early stage suggests that in the NS individuals, the level of automatic activation for lexical items was not reduced, and the efficiency and time course of automatic spreading activation within the semantic network was not compromised. Alternatively, Prather and colleagues (Prather et al., 1992 (Prather et al., , 1997 argued that the triplet priming paradigm does not allow the dissociation of automatic and strategic influences on semantic priming effects. By this account, the finding of intact semantic priming at the short ISI may reflect strategy-based processing, allowing for the possibility that there is in fact an underlying disruption in automatic lexical activation that is masked under these conditions. More specifically, Prather et al. (1997) used a list priming paradigm to demonstrate that Broca's aphasic patients show a slower-than-normal rise time for automatic lexical activation when strategic processing is minimized. A similar possibility needs to be explored in NS individuals; however, the fact that there was no significant priming at the Jong ISI and nonselective access at the short ISI makes a slowerthan-normal rise time in automatic lexical activation less likely. Prather et al. (1992) suggested that the encapsulation of lexical activation emerges as a function of speed, and the nonselective nature of lexical access at the short ISI implies that NS participants retained the speed of lexical processing necessary to activate all related meanings for the ambiguity in semantic memory.
The lack of contextual influence on semantic priming for the NS individuals, compared with the normal controls, may indicate some subtle protraction in the encapsulated period of automatic lexical activation or the failure or slowing of subsequent processes of meaning suppression and selection. Balota and Duchek (1991) reported that individuals with dementia of the Alzheimer's type also showed contextindependent meaning activation for lexical ambiguities presented in a self-paced triplet naming task with a delay of 250 ms between items and inferred a breakdown in attentional and/or inhibitory processing. Although a similar pattern of priming was demonstrated by the NS participants, the use of a shorter ISI in the present study may have tapped into more predominantly automatic processing. The issue of whether automatic lexical access remains encapsulated in the NS participants cannot be determined using the triplet priming paradigm, however, as intralexical priming effects may predominate; we are currently addressing this issue by investigating the processing of lexical ambiguities in a sentential semantic context.
The performance of the NS participants diverged markedly from normal control participants when the ISI was increased to 1,250 ms, such that a reliable priming effect was no longer present. The lack of priming at the longer ISI may reflect a faster decay in automatic lexical activation, possibly arising from a reduction in the original level of automatic activation, but is more likely to indicate a breakdown in attentional-controlled processes that may include expectancy generation and postlexical integration (Hagoort, 1993; Neely & Keefe, 1989) . By this account, NS participants could have accessed lexical-semantic information through mainly automatic, nonintentional processes with minimal attentional involvement, but there was a disruption in the development of controlled or strategic processes that are intentional, effortful, and demanding on limited attentional resources (Posner & Snyder, 1975) . Because there was no explicit manipulation of expectancies and strategy formation in the present paradigm, it is argued that the current results most clearly indicate a failure of NS participants to sustain lexical activation through attentional processing. However, can a breakdown in attentional lexicalsemantic processing account for previous descriptions of lexical-semantic function in patients with NS lesions?
Relationship Between On-Line and Off-Line Lexical-Semantic Function in NS Patients
Lexical-semantic function in NS patients has often been characterized by confrontation naming deficits, reduced word fluency, and the presence of semantic paraphasias (e.g., Kennedy & Murdoch, 1993; Robin & Schienberg, 1990; Wallesch, 1985) . There are numerous potential causes of naming deficits, and according to Lesser (1989) , such impairments may typically arise from a degradation of the semantic store, a disorder in semantic access or impaired lexical-phonological representations. Because naming impairments often occur in the absence of superficial wordcomprehension deficits following NS lesions, the problem has previously been perceived as one of lexical retrieval or selection rather than one arising from a semantic disruption (Mega & Alexander, 1994) . Although detailed psycholinguistic testing is required to address the integrity of various components involved in naming, the present findings are consistent with the hypothesis that naming impairments exhibited by patients with NS lesions do not arise from an underlying degradation of semantic representations or an inability to access this information automatically but may instead reflect problems in the attention-based retrieval and manipulation of intact lexical-semantic information.
A controlled lexical-semantic processing deficit, as identified through a lexical-decision priming task, would conceivably cause a disruption for tasks of comprehension and production. However, off-line testing indicates that lexicalsemantic deficits in NS patients are manifest primarily in lexical retrieval for production, whereas comprehension is generally considered intact (Mega & Alexander, 1994; Wallesch & Papagno, 1988; but, see Wallesch, 1997) , as demonstrated also in the present group of NS patients (see Appendix A). This discrepancy may relate to the different task demands involved. The assessment of comprehension in patients with NS lesions has generally been limited to a superficial testing of word-picture matching and sequential commands, whereas production tasks involving lexical retrieval, such as confrontation naming and word fluency, may be more taxing on attentional forms of lexical-semantic processing (Kempler, Andersen, & Henderson, 1995) . If this is so, then deficits in controlled lexical-semantic processing may also be revealed in more attentionally demanding comprehension tasks, and the impaired performance of patients with striatocapsular lesions on tests of complex comprehension (Alexander, 1992; Copland et al., 2000) provides preliminary support for this hypothesis, although the potential influence of disturbed executive function or syntactic processes cannot be discounted.
A degree of caution must be exercised in interpreting the way in which the current findings relate to previous reports of lexical-semantic function in NS patients because semantic priming is not primarily concerned with the end points of comprehension and production tasks but is more focused at the level of processing (Blumstein, 1997) . As such, the patterns of lexical-semantic processing revealed through semantic priming may not be readily apparent from clinical observation in all cases. At present, the current findings suggest a disruption in controlled lexical-semantic processing that may be most easily witnessed clinically in the form of a lexical-retrieval deficit. Of interest, the particular failure of the NS patients to resolve lexical ambiguities through controlled processing is also consistent with the problems shown by these same patients in interpreting lexical ambiguities within sentences (Copland et al., 2000) , suggesting that further off-line testing may reveal more language impairments consistent with the present findings.
Theoretical Implications
The present findings provide preliminary support for the hypothesis that individuals with NS lesions are unable to process lexical-semantic information through attentional mechanisms, yet the underlying neural basis of this disruption remains uncertain. Whether this impairment arose because of a disruption in the function of the basal ganglia or as a consequence of cortical dysfunction through hypoperfusion, diaschisis, or white matter pathway disruption (which might also cause thalamo-cortical disconnection) cannot be determined directly in the present article because of the heterogenous nature of the NS individual lesions and the lack of data concerning possible cortical dysfunction. The argument that language function in NS participants is variable because of varied cortical hypoperfusion or unseen cortical lesions (Nadeau & Crosson, 1997 ) may be questioned, however, given that there appeared to be a consistent groupwise breakdown in controlled lexical-semantic processing, as suggested by statistically significant and consistent priming at the short ISI and a lack of priming at the long ISI (but see Caramazza & Badecker, 1989) . A separate analysis of each patient's performance in terms of magnitude of priming would be needed to confirm the consistency of the controlled-processing deficit among NS patients.
The question of whether disturbed controlled processing in the NS individuals is attributable to subcortical dysfunction per se may also be approached in a preliminary manner by comparing the priming of the NS participants with that previously reported for participants with cortical lesions. As discussed previously, the finding of intact priming at the short ISI and absent priming at the long ISI for the NS individuals does not appear consistent with Broca's aphasic patients, for whom there is a suggested reduction in the level of automatic lexical activation (Milberg et al., 1995) or slowed automatic lexical access (Prather et al., 1992) and intact strategic processing (Milberg et al., 1995) . There may be some superficial symmetry between the present results for NS patients and the proposed dissociation between intact automatic and impaired strategic processing in Wernicke's aphasic patients (Milberg et al., 1995) , but such comparisons are of limited value, given the considerable influence that different experimental paradigms can have on the forms of automatic and attentional processing invoked (Prather & Swinney, 1988) .
Until NS participants are tested on similar priming tasks that involve the same degree and form of automatic and controlled processing, the only valid point of comparison between NS participants and patients with cortical lesions appears to be on the priming patterns evidenced using the same triplet priming paradigm. Both Wernicke's and Broca's aphasic patients in Hagoort (1993) and the NS group in the present study were able to prime noun-noun lexical ambiguities presented in word triplets with an ISI of 100 ms but failed to exhibit significant priming at the ISI of 1,250 ms, suggesting that a breakdown in controlled processing is common to these groups. This comparison should be made with caution, however, considering differences in the stimuli; considering differences in the participants, including the size and extent of the lesions; and noting the discrepancies between Hagoort (1993) and Milberg et al. (1987) . We are currently undertaking a direct comparison of the NS patients with a cohort of matched patients with cortical lesions to address some of these confounds. Nevertheless, the fact that patients with NS lesions showed a similar deficit to patients with cortical lesions on the same type of priming task leaves open the possibility that the impaired controlled processing associated with NS lesions may be the direct result of coexisting cortical dysfunction.
The other possible explanation for the common disturbance to controlled lexical-semantic function following NS lesions and anterior-posterior cortical lesions is that attentional-controlled forms of lexical-semantic processing may be supported by several mechanisms or occur through large anatomically distributed systems that may include corticalsubcortical networks. At a general level, this notion is in keeping with the view that the basal ganglia may be involved in attentional lexical-semantic operations but suggests that any potential NS role in language processing would need to be reconceptualized, extending beyond lexical release or lexical selection for production (Crosson, 1985; Wallesch & Papagno, 1988) . The apparent failure to sustain lexical activation through attentional processes may relate in some way to proposed frontal-striatal mechanisms of strategic formation (Gold et al., 1997) or attentional control (Posner & DiGirolamo, 1998) , which need to be further explored.
Conclusion
The present study has shown clear evidence of a lexicalsemantic deficit in a group of patients with dominant NS lesions. More specifically, there appears to be a failure to sustain lexical-semantic activation over time through attentional processes, which may account for previous findings of lexical-semantic impairment following NS lesions. If the breakdown in controlled lexical-semantic processing can be related to NS dysfunction in some way, then there would be a need to account for NS individuals without lexical-semantic disturbances and NS patients with impairments in other facets of language. Whether the NS nuclei influences controlled lexical-semantic processing by involvement in cognitive functions that operate independently of lexicalsemantic operations or whether there is a more defined role of the subcortical-cortical networks in subserving specific lexical-semantic functions also needs to be considered. It remains, however, that the current study is limited in terms of the conclusions that can be drawn concerning the neural mechanisms responsible for this lexical-semantic disruption. The issue of NS language function may be more clearly approached through a combination of neuroimaging in normal participants and further investigations of semantic priming in individuals with cortical lesions and individuals with vascular or degenerative subcortical pathologies. In this way, we may provide evidence that directly substantiates or refutes the notion raised by the current findings that subcortical-cortical systems may be involved in supporting the interactions between linguistic and nonlinguistic operations at the level of lexical-semantic processing. 
